Abstract. Long non-coding (lnc)RNA hypoxia inducible factor 1α-antisense RNA 1 (HIF1A-AS1) not only participates in different types of malignancies, but also serves pivotal roles in thoracic aortic aneurysms, which suggests its possible involvement in intracranial aneurysms. Therefore, the present study aimed to investigate its involvement in intracranial aneurysms. Expression levels of HIF1A-AS1 and transforming growth factor (TGF)-β1 in the blood of patients with intracranial aneurysms and healthy controls were detected using reverse transcription-quantitative polymerase chain reaction. The diagnostic value of blood HIF1A-AS1 for intracranial aneurysms was analyzed using receiver operating characteristic curve analysis. A HIF1A-AS1 expression vector was constructed and transfected into human vascular smooth muscle cells (VSMCs) and the effects on cell proliferation and TGF-β1 expression were explored using the Cell Counting kit-8 assay and western blot analysis, respectively. Upregulated HIF1A-AS1 expression levels in blood were observed in patients with intracranial aneurysms when compared with controls. Notably, upregulated HIF1A-AS1 expression effectively distinguished patients with intracranial aneurysms from healthy controls. Furthermore, HIF1A-AS1 and TGF-β1 expression levels were positively correlated with intracranial aneurysms. HIF1A-AS1 overexpression also upregulated TGF-β1 expression and inhibited VSMC proliferation. Although TGF-β1 treatment had no significant effect on HIF1A-AS1 expression, TGF-β inhibitor significantly reduced the effects of HIF1A-AS1 overexpression on cell proliferation. It was therefore concluded that HIF1A-AS1 may participate in intracranial aneurysms by regulating VSMC proliferation through the upregulation of TGF-β1.
Introduction
Intracranial aneurysms, also referred to as brain aneurysms, are pathological dilatations of the cerebral artery caused by weakness in the wall of a cerebral artery or vein (1) . Intracranial aneurysms affect ~3.2% of the whole population, and the numbers may increase in the near future due to the popularization of imaging techniques in the diagnosis (2, 3) , which may increase the diagnosis rate of this disease. The existence of intracranial aneurysms may not significantly affect a patient's normal life; however, rupture of an intracranial aneurysm can cause life-threatening subarachnoid hemorrhages, which leads to high fatality and morbidity rates among those patients (4) . At present, the treatment and prevention of intracranial aneurysms are still challenged due to their unknown pathogenesis.
Vascular smooth muscle cells (VSMCs) serve pivotal roles in maintaining vascular plasticity and the transition of VSMCs from normal conditions to matrix remodeling, and the pro-inflammatory phenotype is the primary pathological change in the development of an intracranial aneurysm (5) . Transforming growth factor (TGF)-β signaling is proved to participate in the regulation of VSMC proliferation (6) , which indicates the potential involvement of TGF-β signaling in the pathogenesis of intracranial aneurysm. TGF-β signaling under certain conditions achieves its biological roles through interactions with different long non-coding (lnc)RNAs (7), which serve critical roles in human diseases (8) . Recent studies have demonstrated that hypoxia inducible factor 1α-antisense RNA 1 (HIF1A-AS1) may participate in the formation of thoracic aortic aneurysms by regulating the proliferation and apoptosis of VSMCs (9, 10) . In the present study, the results suggested that HIF1A-AS1 may participate in the formation of intracranial aneurysms by upregulating TGF-β1 and inhibiting VSMC proliferation. 
Long non-coding

RNA extraction and reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
TRIzol reagent (Thermo Fisher Scientific., Inc., Waltham, MA, USA) was used to extract total RNA. All procedures were performed in strict accordance with the instructions of the kits used. cDNA was synthesized through RT using a SuperScript IV reverse transcriptase kit (Thermo Fisher Scientific, Inc.) with the following thermal conditions: 5 min at 25˚C, 20 min at 52˚C and 5 min at 80˚C. SYBR Green Real-Time PCR Master Mix (Thermo Fisher Scientific, Inc.) was used to prepare all reaction systems. The following primers were used in PCR reactions: Human lncRNA HIF1A-AS1 forward, 5'-AAT GTG TTC CTT GCT CTT-3' and reverse, 5'-GTA TGT CTC AGT TAT CTT CCT-3'; and human GAPDH forward, 5'-CCC ACT CCT CCA CCT TTG AC-3' and reverse, 5'-ATG AGG TCC ACC ACC CTG TT-3'; TGF-β1 mRNA primers were purchased from SinoBiological Inc. (Wayne, PA, USA; cat. no. HP100717). PCR reaction conditions were as follows: 1 min at 95˚C, followed by 40 cycles of 20 sec at 95˚C and 55 sec at 62˚C. Data were normalized using the 2 -∆∆Cq method (11) .
Cell culture and transfection. Human VSMCs (cat. no. C0075C; Cascade Biologics; Thermo Fisher Scientific, Inc.) were cultured with Medium 231 containing smooth muscle growth supplements (both Cascade Biologics; Thermo Fisher Scientific, Inc.) in an incubator (37˚C, 5% CO 2 ). An EcoRI-EcoRI fragment containing full HIF1A-AS1 cDNA was amplified through PCR and was inserted into pIRSE2 vector (Clontech Laboratories, Inc., Mountainview, CA, USA). Vectors were first mixed with Lipofectamine 2000 reagent (cat. no. 11668-019, Invitrogen; Thermo Fisher Scientific, Inc.) to construct vector-reagent complexes. Following this, cells were incubated at 37˚C in an atmosphere containing 5% CO 2 for 5 h. Subsequently, cells were immediately washed with fresh culture medium to avoid cytotoxicity. Cells without transfection were used as control cells (C). Cells transfected with empty vector were used as negative control cells (NC). In the analysis of the effects of HIF1A-AS1 on TGF-β1, cells were treated with exogenous TGF-β1 (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) at 10 and 20 ng/ml for 6, 12 and 18 h prior to use. In the analysis of the effects of HIF1A-AS1 overexpression and TGF-β1 signaling on VSMC proliferation, cells were treated with TGF-β1 (10 ng/ml) for 12 h or TGF-β1 inhibitor LY-364947 (LY, cat. no. 616451; Merck KGaA) for 12 h prior to use. Cells were harvested 24 h after transfection for subsequent experiments.
Cell proliferation assay. Following transfection and confirmation of overexpression (overexpression rate, <200%), cells were collected to prepare cell suspensions using a cell density of 4x10 4 cells per 1 ml. Cell suspension (100 µl) was added into each well of a 96-well plate. The plate was incubated in an incubator (37˚C, 5% CO 2 ). Subsequently, 10 µl CCK-8 solution (Sigma-Aldrich; Merck KGaA) was added into each well at 24, 48, 72 and 96 h following the beginning of cell culture. Cells were cultured in an incubator (37˚C, 5% CO 2 ) for a further 4 h. A Fisherbrand accuSkan GO UV/Vis Microplate Spectrophotometer (Thermo Fisher Scientific, Inc.) was used to measure the optical density values at 450 nm. Cell proliferation was normalized to C (100%).
Western blot analysis. Radioimmunoprecipitation assay lysis solution (Thermo Fisher Scientific, Inc.) was used to extract total protein from in vitro cultured cells transfected with HIF1A-AS1 expression vectors, control cells and negative control cells, according to the manufacturer's instructions. Protein concentrations were measured using a BCA assay. Protein samples were mixed with 6X loading buffer with a ratio of 1:5. Following denaturing at 95˚C, SDS-PAGE (10% gels) was performed with 30 µg protein loaded per lane. Proteins were transferred on polyvinylidene difluoride (PVDF) membranes (Thermo Fisher Scientific, Inc.) and blocked in 5% skimmed milk at room temperature for 2 h. Membranes were incubated with rabbit anti-human primary antibodies of TGF-β1 (1:2,000; cat. no. ab92486) and GAPDH antibody (1:2,000; cat. no. ab181602; both Abcam, Cambridge, MA, USA) at 4˚C overnight. The following day, PVDF membranes were incubated with goat anti-rabbit IgG-horseradish peroxidase secondary antibody (1:1,000; cat. no. MBS435036; MyBioSource, Inc., San Diego, CA, USA) at room temperature for 2 h. Pierce ECL Western Blotting Substrate (Thermo Fisher Scientific., Inc.) was then dropped onto membranes to develop signals. Signal normalization was performed using ImageJ 1.48 software (National Institutes of Health, Bethesda, MD, USA).
Statistical analysis. GraphPad Prism 6 software (GraphPad Software, Inc., La Jolla, CA, USA) was used for all statistical analyses. All data were recorded as the mean ± standard deviation and the unpaired t-test and one-way analysis of variance followed by the Least Significant Difference post hoc test were used for comparisons between two groups and among multiple groups, respectively. Correlation analyses were performed using Pearson correlation coefficient. P<0.05 was considered to indicate a statistically significant difference.
Results
Expression levels of lncRNA HIF1A-AS1 in the blood are upregulated in patients with intracranial aneurysms. In the present study, the expression levels of lncRNA HIF1A-AS1 in the blood of patients with intracranial aneurysms and healthy controls were detected by RT-qPCR. As indicated in Fig. 1 , the expression levels of HIF1A-AS1 were identified to be significantly increased in patients with intracranial aneurysms compared with healthy controls.
LncRNA HIF1A-AS1 in the blood may serve as a potential biomarker for intracranial aneurysms. Receiver operating characteristic (ROC) curve analysis was performed to evaluate the diagnostic value of HIF1A-AS1 in the blood for intracranial aneurysms. As indicated in Fig. 2 , the area under the curve was 0.8798, with a standard error of 0.03213 and a 95% confident interval of 0.8168-0.9428. Therefore, upregulation of HIF1A-AS1 in the blood effectively distinguished patients with intracranial aneurysms from healthy controls.
HIF1A-AS1 and TGF-β1 expression levels are positively correlated in patients with intracranial aneurysms but not in healthy controls.
In the present study, the Pearson correlation coefficient was used to analyze the correlation between HIF1A-AS1 and TGF-β1 expression in the blood. As demonstrated in Fig. 3A , a significant positive correlation was identified between HIF1A-AS1 and TGF-β1 expression in the blood of patients with intracranial aneurysms. By contrast, no significant correlation between HIF1A-AS1 and TGF-β1 expression was observed in the blood of healthy controls (Fig. 3B) .
HIF1A-AS1 is likely an upstream activator of TGF-β1 in human
VSMCs. To further explore the interactions between HIF1A-AS1 and TGF-β1, HIF1A-AS1 expression vector was transfected in to VSMCs and the expression levels of TGF-β1 were detected by western blot analysis. As revealed in Fig. 4A , VSMC cells transfected with HIF1A-AS1 expression vectors (HIF1A-AS1) exhibited significantly upregulated expression levels of TGF-β1 protein compared with C and NC. By contrast, cells treated with exogenous TGF-β1 for 6, 12 and 18 h exhibited no significant changes in HIF1A-AS1 expression (Fig. 4B) .
HIF1A-AS1 overexpression inhibits the proliferation of VSMCs.
The CCK-8 assay was performed to detect VSMC proliferation following HIF1A-AS1 overexpression; the rate of overexpression was >200% compared with control cells (data not shown). As indicated in Fig. 5 , compared with C, VSMC proliferation was significantly inhibited when cells were transfected with HIF1A-AS1 expression vector and 10 ng/ml TGF-β1. In addition, compared with VSMCs treated with HIF1A-AS expression vector only, cells treated with HIF1A-AS expression vector transfection and the TGF-β1 inhibitor LY exhibited significantly increased cell proliferation.
Discussion
The present study reported that HIF1A-AS1 was involved in in the pathogenesis of intracranial aneurysms. Notably, the present study indicated that HIF1A-AS1 expression inhibited VSMC proliferation and upregulated TGF-β1 expression.
Although the pathogenesis of aneurysms is still unclear, previous research has indicated that the development and progression of different types of aneurysms are usually accompanied with changes in expression of a large set of non-coding RNAs (12) . In a recent study, Wang et al (13) reported 4,129 differentially expressed lncRNAs between intracranial aneurysm tissues and superficial temporal arteries, and those lncRNAs were identified to likely be involved in intracranial aneurysms through their roles in the regulating the immune and inflammatory response. Upregulation of HIF1A-AS1 has been observed in thoracic aortic aneurysms (9) . In the present study, significantly increased blood levels of HIF1A-AS1 in patients with intracranial aneurysms were observed compared with in heathy controls, indicating that upregulation of HIF1A-AS1 may also participate in the pathogenesis of intracranial aneurysms.
Currently, the diagnosis of intracranial aneurysms predominantly relies on imaging techniques, such as computerized tomography (14) and magnetic resonance imaging (15) . However, only ~10% of patients with intracranial aneurysms present with clinical symptoms before rupture (16) , and early diagnosis, which is critical for survival, is not common. The onset, development and progression of human disease are usually accompanied with changes in certain blood substances, and monitoring changes in those blood substances may provide guidance for disease diagnosis (17) . In the present study, blood HIF1A-AS1 was detected in all patients with intracranial aneurysms and healthy controls. ROC curve analysis indicated that blood HIF1A-AS1 can be used to effectively distinguish patients with intracranial aneurysms from healthy controls. Therefore, blood HIF1A-AS1 may serve as a potential diagnostic marker for intracranial aneurysms. However, altered expression of HIF1A-AS1 has been observed in different diseases, such as thoracic aortic aneurysms (9) and non-small cell lung cancer (18) . Therefore, multiple markers should be used to improve the diagnostic specificity.
The present study observed a significant correlation between HIF1A-AS1 and TGF-β1 expression in patients with intracranial aneurysms but not in healthy controls, indicating the existing of an intracranial aneurysm-specific interaction between HIF1A-AS1 and TGF-β1. HIF1A-AS1 is likely an upstream activator of TGF-β1 in VSMCs due to the following reasons: i) HIF1A-AS1 overexpression promoted TGF-β1; ii) exogenous TGF-β1 produced no significant effects on HIF1A-AS1 expression; and iii) exogenous TGF-β1 inhibitor reduced the effects of HIF1A-AS1 overexpression in VSMCs proliferation. It is worth noting that a recent study reported that the TGF-β signaling pathway promotes VSMCs proliferation (19) , whereas the present study revealed that TGF-β1 inhibited the proliferation of VSMCs. The inconsistency between the present data and this previous study is possibly due to the different VSMCs used in the present study
In conclusion, the present study suggested that HIF1A-AS1 is upregulated in patients with intracranial aneurysms. The findings indicate that HIF1A-AS1 may participate in the pathogenesis of HIF1A-AS1 by upregulating TGF-β1 and inhibiting VSMCs proliferation. However, the current study is limited by the small sample size. Future studies with bigger sample size are required to further confirm the conclusions of the current study.
